Materials and methods

Animals
A total of 10 adult ducks (Anas) of both sexes weighing 3-4 kg were used as the material in the present study. The animals, which were anesthetized by injection of ketamine hydrochloride (50 mg/kg IV) (9) , were perfused using the intracardiac method (10) using 10% formaldehyde. The ducks were kept in the formaldehyde pool for the fixation process for 1 week following the perfusion process.
Removal of the spinal cord
In order to uncover the cervical vertebrae of the fixed ducks, the dissection process began with removal of the soft tissues around the vertebrae. The arcus vertebrae of the cervical vertebrae were then removed. All of the bone tissues were not extirpated because segmentation of the spinal cord was performed with the presence of bone tissue where the spinal cord was located. Tissue samples were obtained from each segment after segmentation (11).
Sampling method
A pilot study was carried out first to identify the number of animals, the number of cross-sections, and the samples to be used in the study. Since the current studies in the literature state that the relative error of the error coefficient was determined as 10% for stereological studies, the number of animals required for the study was 5 in order to obtain this value (12, 13) . For this reason, 5 adult ducks were used in the pilot study. In calculation of the coefficient of error for the sampling method in the present study, the total variant square root/total number of points was taken as a basis. SHTEREOM 1.0 software was used to calculate the number of cross-sections (8, 14) .
Tissues dissected from the spinal cord cervical segments of the ducks were subjected to tissue processing to conduct the pilot study. All tissues were embedded vertically in paraffin in the same direction following the tissue processing. Transverse sections of 5 µm thick were obtained from these tissues, embedded, and blocked in paraffin via rotary microtome (Leica RM 21, 35, Nussloch, Germany) until the tissue was finished by using a random systematic sampling method. These sections were transferred onto microscope slides. The first step of deparaffinization was ensured by keeping them in a drying oven. The deparaffinization process was then finished by passing them through a series of xylol and alcohol. The sections were stained using hematoxylin and eosin and covered with coverslips (11, 15) . Cross-sections were sampled by performing the stepping at a ratio of 1/250 to obtain 12 cross-sections from each segment of the animals. One out of the first 250 cross-sections was randomly chosen for systematic random sampling. Every 250th cross-section was then placed on the microscope slide after counting. Results obtained from the pilot study were included in the original study, as the values from the pilot study were appropriate for the present study.
Image analysis
Stereological stepping was needed to examine the duck spinal cords, because the spinal cord has a large structure in poultry at 4× magnification. Stereological stepping was done using a motorized stage and photographs were taken. Hence, measurements were obtained from 4× magnification photos. Point grid and 4× magnification were used for calculating the area and then volume. SHTEREOM 1.0 software was used to complete the calculations ( Figure  1 ). In addition to the program, Cavalieri's principle was applied as the calculation method (16) . Total volumes of 15 cervical segments of the spinal cord, total volume of grey matter, and total volume of white matter of the ducks were calculated (Figures 2 and 3 ). The number of points was used because the ratio of points could be included as the volume in the calculation of volume values (7, 17) .
In this study, a one-way ANOVA test was applied for the comparison between the segments. SPSS was used for statistical analysis.
Results
When mean volume values of the entire cervical segment of the spinal cord in the ducks were evaluated, the highest mean volume was 4.224 mm 3 in segment C15. This value, which was 3.735 mm 3 in segment C1, decreased to 2.959 mm 3 by showing a distinct decline up to segment C5. This value increased to 3.126 mm 3 in segment C8. The total volume value of the cervical segment, which continued to increase in segments C9, C10, and C11, was 3.701 mm 3 in segment C12. While this value was 4.139 mm 3 in segment C13, it was 4.218 mm 3 in segment C14 and 4.224 mm 3 in segment C15 (Table 1) .
When volume values of the white matter in the spinal cord cervical segments of the ducks given in Table 2 3 in segment C10, and it increased up to segment C15 ( Table 2) .
As the grey matter/white matter volume ratios of the cervical segments of the ducks in Table 2 were examined, the highest mean volume ratio was found in segment C15; this value was calculated as 0.941%. The lowest grey matter/white matter volume ratio was 0.300%, which belonged to segment C5. While the GM/WM volume ratio was 0.481% in segment C1, this volume ratio decreased until segment C5. This value started to increase at segment C6 and showed a significant increase from segment C13.
When the results of the white matter/spinal cord volume ratio in the cervical spinal segments of the ducks were examined, the highest value was observed as 0.367% in segment C8. The WM/SC volume ratio of segment C1 was calculated as 0.280%. This value was 0.290% for segments C2 and C3. The WM/SC volume ratio was seen to increase until segment C8. This value was 0.322% in segment C9; it then decreased. The lowest white matter/ spinal cord volume ratio belonged to segments C14 and C15; this ratio was determined as 0.240% (Table 1) .
The values given in Table 1 indicate that the lowest grey matter/spinal cord volume ratio of the cervical spinal segments of the ducks was 0.090%, which belonged to segment C5. The highest grey matter/spinal cord volume ratio was observed in segments C14 and C15 (0.120%). The GM/SC volume ratio of segment C1 was 0.119%. This ratio decreased until segments C9 and C10. There was a significant increase in segment C13, the value of which was calculated as 0.115%.
In addition, it was determined that while the grey matter volume values were higher in segments C14 and C15 compared to the other segments, the white matter volume ratios were lower in these segments than in the other segments. While the white matter volume values were high for segments C1 and C2, volume values of grey matter were low in segments C1 and C2 ( Table 2) .
Values of the noise and coefficient of error (CE) corresponding to whole tissue (Table 3) , white matter (Table 4) , and grey matter (Table 5) belonging to the cervical spinal segments of the ducks were calculated. The noise and coefficient of error (CE) values were calculated and volume calculation was performed with the SHTEREOM program.
It was determined that the average CE of whole tissue of the cervical segments was 0.0334. The average CE of white matter of the cervical segments was 0.0441. It was determined that the average CE of grey matter of the cervical segments was 0.0433 in this study.
The mean number of points for whole tissue was calculated as follows: C1 = 1023, C2 = 978, C3 = 936, C4 = 924, C5 = 919, C6 = 918, C7 = 819, C8 = 865, C9 = 904, C10 = 913, C11 = 943, C12 = 1024, C13 = 1145, C14 = 1167, C15 = 1154. It was determined that the highest mean number of points for the whole tissue of the cervical spinal segments belonged to the C14 segment, and the lowest mean number of points belonged to segment C7.
The mean number of points for the white matter of the cervical spinal segments was calculated as follows: C1 = 491, C2 = 568, C3 = 513, C4 = 524, C5 = 522, C6 = 524, C7 = 499, C8 = 507, C9 = 520, C10 = 521, C11 = 532, C12 = 559, C13 = 585, C14 = 563, C15 = 559. The highest mean number of points for the white matter of the cervical spinal segments belonged to segment C13. The lowest mean number of points belonged to segment C1.
The mean number of points for the grey matter of the cervical spinal cord was calculated as follows: C1 = 667, C2 = 555, C3 = 501, C4 = 513, C5 = 484, C6 = 460, C7 = 463, C8 = 467, C9 = 518, C10 = 522, C11 = 542, C12 = 508, C13 = 726, C14 = 826, C15 = 856. The highest mean number of points for the grey matter of the cervical spinal segments belonged to segment C15. The lowest mean number of points belonged to segment C6.
Data analysis results
When the total volume value of the cervical segment in ducks was examined statistically, no difference was found between segments C1, C2, and C12. While no difference was found between segments C3 and C11, the difference between these segments and the other segments was significant. There was no difference between segments C4, C5, C6, C7, C8, C9, and C10; however, a difference was observed between the other segments and these segments. While there was no difference between segments C14 and C15, the difference between these segments and the other segments was significant. When the volume of the white matter in the cervical segments of the ducks was examined statistically, no difference was found between the segments. When the volume of the grey matter in the cervical segments of the ducks was evaluated statistically, there was no difference between segments C2, C3, C4, C5, C6, C7, C8, C9, C10, C11, and C12. The difference between the other segments and these segments was significant. The difference between segments C1 and C13 and all of the other segments was significant. While there was no difference between segments C14 and C15, the difference between these segments and the other segments was significant. No difference was determined between the cervical segments of the ducks in terms of GM/WM, WM/ SC, and GM/SC volume ratios (Table 6 ).
Discussion
It has been reported that the number of cervical vertebrae is 17 in goose, 14 in chicken, 12 in pigeon, and 14 in duck (3, 18, 19) . Cakmak et al. (11) stated in their study that the number of cervical vertebrae in quails was 12. The number of cervical vertebrae was determined to be 14 in duck in the present study. A study conducted on the spinal cords of duck, chicken, and pigeon revealed that the number of cervical spinal segments was 15 in chicken and 13 in pigeon and duck (20) . A stereological study on the cervical segments of quails revealed that the number of cervical spinal segments was 13 (11) . In the present study conducted on the cervical spinal segments of ducks, it was determined that the number of segments was 15.
In one study, the spinal cord was segmented along with the vertebral column. The vertebrae were then decalcified (21) . In the study conducted by Bolat (22) on Leghorn chicken it was reported that decalcification could be applied to the spinal cord as a whole without segmenting before decalcification. In the present study, the spinal cord was uncovered after the arcus vertebrae of the vertebral column in the spinal cord were removed. The vertebral column was used as a guide to identify the cervical segments of the spinal cord. The cervical segments were also obtained by dissection without using decalcification in the present study.
A study conducted on the cervical segments of the duck and the chicken suggested that the area value of segment C4 was larger compared to the other segments, and the white matter/grey matter ratio of segment C1 was lower than area ratio values of the other segments (20) . In the present study, the highest volume value of the cervical segment in duck belonged to segment C15. This volume value obtained in the present study was not the same as the finding of segment C4 having the maximum area in the study by Hazıroğlu et al. (20) , conducted on area values of cervical segments in duck.
In the study conducted by Bolat (22) on poultry, it was stated that the cervical enlargement was formed by segments C13, C14, C15, T1, and T2. A study conducted on the cervical segments of quails reported that segments C10, C11, C12, and C13 were involved in the formation of the cervical enlargement (11). Hazıroğlu et al. (20) stated in their study that the cervical enlargement was formed by segments C13, C14, C15, T1, and T2 in chicken; by segments C12, C13, C14, C15, T1, and T2 in duck; and by segments C11, C12, C13, T1, and T2 in pigeon. In the present study, it was determined that segments C12, C13, C14, and C15 were involved in the cervical enlargement. The segments involved in formation of the cervical enlargement in the study conducted by Hazıroğlu et al. (20) on the cervical segments of duck were compatible with the segments involved in the cervical enlargement area in the present study.
Based on the results obtained from the present study, the whole volume ratios were high in segments C12, C13, C14, and C15 among the cervical segments of the ducks, which suggested that these segments were involved in the formation of the cervical enlargement area in duck.
Consequently, the whole segment, the grey matter, and the white matter differed between segments in terms of volume values of the cervical spinal segments, and these differences also revealed statistical significance.
The present study highlighted that total volume, white matter volume, and grey matter volume in the cervical spinal segments in ducks could be calculated and revealed by using stereological methods. In the present study, the cervical segments involved in the formation of the cervical enlargement region were also determined.
The present study is presented as an example of morphological and stereological studies to be conducted in anatomy, pathology, and neurobiology.
